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PHASE  I  CONTAMINATION  ASSESSMENT  RESULTS 


AND  PHASE  II  SAMPLING  DESIGN 
FOR  SITE  1-10.  SOUTH  TANK  FARM 


1.0  PHYSICAL  SETTING 

1.1  LOCATION 

The  south  tank  farm,  Site  1-10,  is  located  in  the  northwestern  quarter  of 

Section  1  at  the  Rocky  Mountain  Arsenal  (RMA).  The  site  is  north  of  Lower 

Derby  Lake  and  immediately  west  of  Site  1-8,  the  salvage  yard,  as  shown  in 

Figure  1.1-1.  Building  461,  a  pump  house,  is  located  within  the  site.  Tanks 

462A,  462B  (removed),  463A,  463B,  463C,  463D  (removed),  463E  (removed),  463F, 

463G,  and  463H  were  located  on  the  site.  The  tank  farm  covers  an  approximate 

2  2 

area  of  600,000  square  feet  (ft  )  of  which  about  442,500  ft  are  not 
occupied  by  tanks.  Figure  1.1-2  is  a  vicinity  map  of  Site  1-10.  Photographs 
of  Site  1-10  are  shown  in  Figure  1.1-3. 

The  south  tank  farm  was  originally  considered  to  be  a  contaminated  site.  The 
extent  of  contamination  at  this  site  has  been  estimated  as  follows  (RMACCPMT, 
1984): 

2 

Estimated  Areal  Extent  =  473,600  ft  , 

Estimated  Vertical  Extent  =  10  ft,  and 

3 

Estimated  Volume  =  175,000  cubic  yards  (yd  ). 

1.2  GEOLOGY 

Site  1-10  is  part  of  the  RMA  South  Plants  complex,  which  is  constructed  on  a 
southward— facing  slope  of  a  bedrock  topographic  high.  The  bedrock  consists  of 
250  to  400  ft  of  interbedded  claystone,  clays,  silts,  sands,  and  sandstones  of 
the  Denver  Formation  (May  et  al.,  1983).  As  borings  in  the  immediate  area  do 
not  penetrate  through  the  Denver  Formation,  the  total  thickness  of  the 
formation  at  this  site  is  unknown.  A  detailed  description  of  the  Denver 
Formation  is  found  in  May  et  al.  (1983).  Approximately  5  to  10  ft  of  alluvium 
overlies  the  Denver  Formation;  this  consists  of  aeolian  silts  and  sands  over 
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FIGURE  1.1-3  SITE  1-10  SOUTH  TANK  FARM 

Looking  Northeast  at  Tanks  in  East  Part  of  Site 


interbedded  clays,  silts,  and  sands  (May  et  al.,  1983).  Descriptions  of  the 
geologic  materials  found  at  various  depths  during  the  Phase  I  program  are 
presented  in  Table  3.1-1  of  this  report. 

1.3  HYDROLOGY 

Site  1-10,  the  south  tank  farm,  is  at  an  approximate  elevation  of  5,265  ft 
above  mean  sea  level.  Surface  drainage  at  the  site  flows  west  to  Sand  Creek 
Lateral  (Resource  Consultants,  1982). 

The  primary  groundwater  flow  across  RMA  is  toward  the  northwest,  but  in  the 
vicinity  of  the  South  Plants,  a  localized  groundwater  mound  diverts  the 
direction  of  the  regional  groundwater  flow.  As  a  result,  groundwater  flow  at 
the  south  tank  farm  is  to  the  southwest,  towards  Lake  Ladora.  Information 
based  on  water-table  elevations  developed  from  1981  data  on  wells  near  the 
tank  farm  indicated  depth  to  water  ranges  from  11  to  19  ft  across  the  site 
(D.  P.  Associates,  1985).  The  water  table  was  penetrated  at  a  depth  of  7.5  ft 
during  the  Phase  I  investigations. 

Water  quality  data  are  available  for  both  surface  and  groundwater  in  the 
vicinity  of  Site  1-10.  The  site  is  at  the  southeastern  end  of,  and  almost 
entirely  within,  Watershed  6,  as  described  in  a  "Surface  Water  Quality  Study 
of  the  South  Plants  Area"  (Spaine  &  Gregg,  1983).  Surface  water  sampled  from 
May  through  July  1983  at  the  western  outflow  of  this  99.15-acre  watershed 
contained  detectable  levels  of  chloroform  and  methyl  isobutyl  ketone  (MIBK) , 
as  well  as  high  concentrations  of  aldrin,  benzene,  dieldrin,  endrin,  and 

isodrin. 


Between  1979  and  1983,  organic  compounds  were  detected  in  water-quality 
samples  taken  from  wells  521,  522,  529,  532,  533,  534,  535,  536,  548,  549, 
563,  564,  and  565  (see  Figure  1.1-2).  These  included  aldrin,  benzene, 
bicycloheptadiene,  chlorobenzene,  chloroform,  chlorophenylmethyl  sulfone, 
dibromochloropropane  (DBCP),  dicyclopentadiene  (DCPD),  dieldrin,  endrin, 
hexachlorocyclopentadiene ,  methyl  isobutyl  ketone  (MIBK),  tetrachloroethane 
(PCE) ,  and  toluene.  These  data  are  provided  for  background  purposes  and  are 
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not  intended  to  be  correlated  with  soil  chemistry  data  obtained  in  the  current 
study. 

2.0  HISTORY 
2 . 1  CONSTRUCTION 

The  south  tank  farm  was  constructed  in  1942  as  part  of  the  initial 
construction  of  RMA  (Army  Materiel  Command,  1973).  Building  461,  a  pump 
house,  was  built  at  the  site  during  the  same  period  (Army  Materiel  Command, 
1973).  Ten  storage  tanks  (462A,  462B,  and  463  A-H) ,  revetted  by  soil,  were 
installed  at  the  site  in  1942.  These  tanks  were  set  directly  on  the  ground; 
undermining  was  a  problem  at  times  (Knaus,  1978). 

In  late  1960,  Tank  462B  was  removed  from  the  tank  farm  and  relocated  at  the 
boiler  house  fuel  oil  storage  site,  north  of  Building  325  in  Section  2,  just 
south  of  Site  2-8  (Williams,  1960b).  The  10,000  barrel-tank  was  renumbered  as 
"321E"  and  was  used  for  fuel  storage  (Williams,  1960a). 

Between  1974  and  1978,  Storage  Tank  463E  was  removed  from  Site  1-10;  old  Tank 
463E  has  been  replaced  with  a  new  tank  (Stout  &  Abbott,  1982;  Knaus,  1978; 
Unauthored,  Undated-a) .  A  tank,  numbered  as  Tank  463E  in  Figure  1.1-2,  south 
of  Building  461  and  immediately  adjacent  to  Tanks  463A  and  463B,  appears  on 
the  aerial  photographs  beginning  in  1980  (Stout  &  Abbott,  1982). 

After  1980  and  prior  to  1982,  Tank  463D  was  removed  from  the  south  tank  farm. 
A  September  1980  aerial  photograph  (Stout  &  Abbott,  1982)  shows  Tank  463D  in 
Site  1-10.  The  tank  is  not  present  in  a  1982  aerial  photograph.  A  survey 
performed  by  Harland  Bartholomew  &  Associates  in  1982  indicated  that  the  tank 
was  not  present  (HB&A,  1982). 

Aerial  photographs,  1948-1980,  yielded  the  following  information  about  Site 
1-10  (Stout  &  Abbott,  1982): 
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Photo  Date 


Site  Description 


1948 


1955 

1966 


1970 


1980 


Ten  tanks  are  visible;  each  tank  is  revetted 
with  earth. 

No  change  apparent  from  1948. 

The  revetment  for  Tank  462B  is  visible,  but 
the  tank  has  been  removed.  No  other  change 
is  visible. 

The  revetment  for  former  Tank  462B  is  barely 
visible.  Tank  462B  has  not  been  replaced. 

No  other  change  is  visible. 

The  revetment  for  Tank  463E  is  visible,  but 
the  tank  has  been  removed.  The  revetment  for 
former  Tank  462B  is  barely  discernible;  the 
area  has  revegetated.  The  pumphouse  has  been 
constructed  between  Tanks  463A  and  463B. 


2.2  USES 

Site  1-10  consists  of  storage  tanks  that  have  held  a  variety  of  fluids.  These 
tanks  were  initially  used  by  the  Army  and  then  leased  to  Colorado  Fuel  &  Iron, 
Julius  Hyman  &  Co.,  and  Shell  Chemical  Company.  The  following  information 
from  the  Army  Materiel  Command  (1973),  Shell  (1985),  and  other  sources 
summarizes  the  contents  of  these  tanks: 

♦  Capacity 

Tank  (gallons)  Description 

462A  417,000  Used  for  fuel  oil  storage  by  the  Army  (Army 

Materiel  Command,  1973).  Hyman  and  Shell  both 

used  the  tank  to  store  DCPD.  The  tank  was 
cleaned  and  an  epoxy-coated  bottom  was  installed 
in  the  late  1970s  (Shell,  1985). 
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Tank 

462B 


463A 


463B 

463C 

463D 

Old 

463E 

463F 


Capacity 

('gallons')  Description 

417,000  Used  for  fuel  oil  storage  by  the  Army.  Shell 

stored  crude  BCH  bottoms.  The  tank  was  relocated 
from  the  South  Tank  Farm  in  1960.  The  tank  was 
renumbered  "321E”  and  is  now  located  west  of 
Building  242  and  north  of  Building  321  and  325. 

196,000  Used  for  alcohol  storage  by  the  Army.  Hyman  and 

Shell  both  used  the  tank  for  isopropyl  alcohol 
storage  and  water  for  their  endrin  processes. 

The  tank  was  later  used  to  store  spent  sulfuric 
acid  for  the  Planavin  Plant. 


196,000  Used  for  alcohol  storage  by  the  Army.  Shell  used 

the  tank  to  store  D-D  soil  fumigant  (Knaus,  1973) 
and  spent  sulfuric  acid. 

196,000  Used  for  alcohol  storage.  Also  used  to  store 

DCPD  (Knaus,  1973)  and  Nemagon. 

196,000  Used  to  store  alcohol,  BCH  bottoms,  and,  later, 

spent  sulfuric  acid.  Tank  463D  has  been 
removed. 


196,000  Used  to  store  alcohol,  BCH  bottoms,  sulfuric 

acid,  and  DBCP,  successively.  Old  Tank  463E  has 
been  removed.  (The  tank  currently  labeled  as 
Tank  463E  is  a  new  tank.) 


196,000  Used  to  store  alcohol  and  BCH  bottoms, 

successively. 
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Capacity 

Tank  (gallons')  Description 

463G  196,000  Used  to  store  alcohol,  DCPD  bottoms,  and  sulfuric 

acid,  successively. 

463H  196,000  Used  to  store  alcohol  and  sulfuric  acid, 

successively. 

Liquid  from  tank  cars  located  north  of  the  site  was  unloaded  adjacent  to 
Pumphouse  461.  No  waste  disposal  has  been  reported  at  this  site,  but  six 
spills  have  been  reported.  In  1948,  a  100,000-gallon  benzene  spill  occurred 
in  this  area  while  the  tanks  were  under  lease  to  Colorado  Fuel  and  Iron. 

The  location  of  this  spill  is  unknown.  A  1,400-gallon  spill  of  bicyclo- 
heptadiene  in  1956,  a  1,500-gallon  spill  of  dicyclopentadiene/No .  6  fuel  oil 
in  1967,  a  1,548-gallon  spill  of  dicyclopentadiene/No.  6  fuel  oil  on  August 
8,  1976  (or  September  1978),  and  a  50,864-gallon  spill  of  bicycloheptadiene 
in  September  1978  have  been  reported  in  this  area.  In  addition,  between 
1967  and  1975,  an  estimated  55  gallons  of  spent  acid  was  spilled.  The  exact 
location  of  these  spill  areas  is  unknown. 

3.0  EXTENT  OF  CONTAMINATION 

3.1  SOILS 

3.1.1  Previous  Soil  Investigations 

No  previous  site— specific  soil  investigations  for  the  south  tank  farm  have 
been  identified.  A  general  soil  map  for  the  area  indicates  that  the  soil 
type  for  the  site  is  a  Truckton  loamy  sand  with  a  1  to  3  percent  slope  on 
the  west  and  a  3  to  9  percent  slope  on  the  east  (Unauthored,  Undated-b). 


3.1.2  Phase  I  Contamination  Survey 
3. 1.2.1  Phase  I  Program 

Based  on  the  boring  density  criteria  from  the  Task  2  Technical  Plan  (Ebasco, 
1985),  13  borings  on  a  grid  pattern  were  planned  for  Site  1-10.  Depths  of 
the  soil  borings  were  determined  based  on  the  criteria  described  in  the 
Task  2  Technical  Plan.  Approximately  20  to  25  percent  of  the  borings  were 
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planned  to  be  drilled  to  the  top  of  the  water  table,  through  the  entire 
length  of  the  unsaturated  zone.  Twenty  to  25  percent  of  the  borings  were 
planned  to  be  drilled  approximately  to  2/3  the  total  depth  of  the 
unsaturated  zone,  and  the  remaining  borings  were  planned  to  be  drilled 
approximately  to  the  top  1/3  of  the  total  unsaturated  soil  column.  Depths 
of  the  13  borings,  as  described  in  the  Technical  Plan,  were  estimated 
assuming  that  the  groundwater  table  was  at  approximately  11  to  19  ft  below 
land  surface. 

The  Phase  I  boring  program  was  to  be  conducted  using  a  continuous  core 
augering  technique,  as  described  in  the  Task  2  Technical  Plan.  Samples  were 
to  be  obtained  at  the  0-1  ft  interval,  the  4-5  ft  interval,  and  subsequently 
at  5  ft  intervals  (e.g.,  9-10  ft,  14-15  ft,  etc.).  If  observable 
contamination  was  noted  in  other  intervals  of  the  core  by  the  field 
geologist,  these  intervals  were  also  to  be  sent  to  the  laboratory  for 
analysis. 

Field  reconnaissance  was  performed  to  stake  the  boring  locations  prior  to 
drilling.  A  geophysical  survey  of  all  13  Site  1-10  boring  locations  was 
conducted  to  clear  boring  locations  to  ensure  that  the  drilling  would  not 
penetrate  underground  piping.  Based  on  available  information,  no  areas  of 
potential  unexploded  ordnance,  buried  metal,  or  other  buried  objects  were 
believed  to  be  in  the  immediate  vicinity  of  Site  1-10,  so  detailed 
geophysical  surveys  were  not  conducted  for  ths  site.  No  borings  were 
significantly  moved  as  a  result  of  this  survey  (Technos,  1985).  All  borings 
were  drilled  as  shown  in  the  Task  2  Technical  Plan.  The  original  site 
boundaries  were  also  maintained.  Figure  1.1-2  shows  the  layout  of  Site  1-10 
and  the  locations  of  Phase  I  borings. 

The  water  table  was  encountered  at  a  depth  of  7.5  ft  during  the  drilling  of 
Boring  2.  Based  on  this  water  table  depth,  the  depths  of  subsequent  borings 
were  revised.  The  actual  depth  of  each  boring  and  the  number  of  soil 
samples  collected  are  summarized  as  follows: 
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Boring  No. 


Depth  (ft) 


No.  of  Samples 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 


5  2 

10  4 

5  2 

5  2 

5.5  3 

5  3 

5  2 

5  2 

5  2 

5  2 

5  2 

5  2 

5  2 


Boring  2  was  drilled  beyond  the  water  table  (encountered  at  7.5  ft)  to  a  total 
depth  of  10  ft.  The  other  borings  were  completed  at  depths  above  the  water 
table.  A  total  of  30  soil  samples  were  collected  from  the  13  borings 
completed  in  Site  1-10. 


All  samples  were  analyzed  by  gas  chromatograph/mass  spectrometry  (GC/MS)  for 
semivolatile  organics;  by  an  inductively-coupled  argon  plasma  (ICP)  metals 
screen  for  metals;  and  by  separate  analyses  for  mercury,  arsenic,  and 
dibromochloropropane  (DBCP).  All  samples  from  depths  greater  than  the  0-1  ft 
interval  were  analyzed  by  GC/MS  for  volatile  organics.  Appendix  A  presents 
the  specific  constituents  for  which  laboratory  analyses  were  conducted. 

3. 1.2. 2  Phase  I  Field  Observations 

Most  of  the  drilling  at  Site  1-10  was  completed  without  difficulty.  In-situ 
air  monitoring  was  conducted  during  drilling  operations  using  a  photoioniza¬ 
tion  detector  (HNU)  and  an  organic  vapor  analyzer  (OVA).  HNU  readings 
significantly  above  background  were  recorded  at  Borings  1,  2,  4,  5,  6, 
and  11.  OVA  readings  significantly  above  background  were  recorded  only  at 
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Boring  5.  The  results  of  the  volatile  organic  readings  down  the  borings  at 
the  sampled  depths  are  presented  in  Table  3.1-1. 

Because  of  unusual  air  monitoring  measurements  and/or  water  levels  in  the 
soil,  additional  samples  were  taken  at  the  6-6.5  ft  interval  of  Boring  2,  the 
5-5.5  ft  interval  of  Boring  5,  and  the  3.5-4  ft  interval  of  Boring  6. 

Each  boring  was  also  monitored  for  chemical  agents  using  an  M8  alarm.  The  M8 
alarm  sounded  at  a  depth  of  10  ft  while  drilling  Boring  2.  However,  the  M8 
reading  could  not  be  verified  by  either  a  second  M8  or  by  the  M18A2  test  kit. 
No  positive  indications  of  possible  chemical  agents  were  detected.  An  M260 
meter  was  used  to  detect  oxygen  concentrations  and  explosive  levels.  No 
significant  deviations  from  background  were  noted.  Samples  were  also  screened 
with  the  M18A2  kit.  All  results  from  utilizing  this  kit  were  negative  for 
chemical  agents. 

No  unexploded  ordnance,  buried  metal,  or  other  buried  objects  were  detected 
during  drilling.  No  unusual  coloring  or  staining  on  the  core  samples  were 
noted. 

3. 1.2. 3  Phase  I  Contaminant  Levels  and  Distribution 

The  results  of  geologic  field  observations,  air  monitoring  during  drilling, 
and  the  chemical  analysis  of  each  soil  sample  are  summarized  in  Table  3.1-1. 
Samples  were  taken  at  the  planned  intervals  for  each  boring.  As  shown  in  this 
table,  samples  were  taken  at  additional  intervals  because  of  field 
observations  and  instrument  readings. 

Soil  samples  were  analyzed  for  the  chemical  constituents  listed  in  Appendix 
A.  The  number  of  samples  containing  these  constituents;  the  concentration 
range,  median,  mean,  and  standard  deviation;  and  indicator  level  are  listed  in 
Table  3.1-2.  A  tabulation  of  all  Phase  I  analytical  data  from  sampled 
intervals  is  presented  in  Appendix  B,  and  a  tabulation  of  the  data  from 
analysis  of  the  blanks  is  presented  in  Appendix  C. 
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Table  3.1-1  (Site  1-10).  Results  ot  Phase  I  Field  Study,  Site  1-10,  South  Tank  Farm 
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NR  -  Not  reported 

oc  -  Reading  taken  over  cuttings  rather  than  downhole 
*  -  Volatiles  not  analyzed  in  0-1  ft  sample 
**  -  M8  alarm  went  off  after  auger  removed 


T.il.lc  3.1-1  (Site  1-10).  Results  of  Phase  I  KieL«l  Study,  Site  1-10,  South  Tank  Farm  (Continued). 
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BDT,  -  Below  detection  limit 
NR  -  Not  reported 

oc  -  Reading  taken  over  cuttings  rather  than  downhole 
*  -  Volatiles  not  analyzed  in  0-1  It  sample 
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RDL  -  lie  low  detection  limit 
NR  -  Not  reported 

*  -  Volatiles  not  analyzed  in  0-1  ft  sample 


Table  3.1-1  (Site  1-10).  Results  of  Phase  1  field  Study,  Site  1-10,  South  Tank  Karin  (Continued). 


lil)L  -  ISolow  detection  limit 
NR  -  Hot  reported 

*  -  Volatiles  not  analyzed  in  0-1  ft  sample 
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The  organic  compounds  benzene,  dicyclopentadiene  (DCPD) ,  dieldrm,  and 
methylene  chloride  were  detected  in  soil  samples  from  Site  1-10.  The  single 
occurrence  of  benzene  was  recorded  in  the  9-10  ft  sample  from  Boring  2,  which 
was  the  only  boring  drilled  deeper  than  5.5  ft  and  was  the  only  sample 
obtained  below  the  water  table.  Methylene  chloride  was  reported  in  the  4-5  ft 
interval  of  Borings  1,  2,  and  3  (all  located  in  the  western  portion  of  the 
site).  Concentrations  ranged  from  2.0  to  90  micrograms  per  gram  (ug/g). 

Dicyclopentadiene  (DCPD)  was  detected  in  Boring  4  by  both  the  volatile  and 
semivolatile  organic  compound  analytical  methods.  DCPD  was  detected  by  the 
volatiles  method  in  Borings  4,  5,  and  6  at  the  4-5  ft  level;  at  the  3.5-4  ft 
interval  of  Boring  6;  and  at  the  5-5.5  ft  interval  in  Boring  5.  Dieldrin  was 
detected  in  the  0-1  ft  interval  from  Borings  3  and  4.  The  concentrations 
measured  range  from  2.0  to  20  ug/g. 

Metals  detected  within  or  above  their  respective  indicator  ranges  m  samples 
from  Site  1-10  were  copper,  chromium,  lead,  mercury,  and  zinc.  The  amounts 
detected  appear  to  be  fairly  uniformly  distributed  both  laterally  and 
vertically  throughout  the  site.  Mercury  at  0.2  parts  per  million  (ppm)  was 
detected  in  one  sample  (the  4-5  ft  interval  of  Boring  1).  Copper  and  zinc 
within  or  above  their  indicator  ranges  were  detected  in  samples  from  Borings 
2,  5,  10,  and  13.  The  distribution  of  the  constituents  within  or  above  their 
indicator  ranges  detected  at  Site  1-10  in  the  Phase  I  program  is  presented  m 

Figure  3.1-1. 

In  addition,  several  compounds  were  detected  by  GC/MS  that  were  not  included 
in  the  target  compound  list  and  that  were  not  conclusively  identified.  Table 
3.1-3  lists  the  boring  number,  sample  interval,  relative  retention  time  (shown 
as  "unknown  number"  on  the  the  table),  concentration,  best-fit  identification, 
and  comments  for  these  nontarget  compounds  detected  at  Site  1-10.  It  should 
be  noted  that  an  individual  compound  may  have  more  than  one  retention  time, 
and  also  that  a  particular  retention  time  may  be  assigned  to  more  than  one 
compound.  Therefore,  Table  3.1-3  provides  only  a  general  indication  of 
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FIGURE  3.1-1 

Analytes  Detected  Above  Indicator 
Level  at  Site  I -10 

Rocky  Mountain  Arsenal,  Task  2 
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No  positive  identification 
Derived  from  natural  products 
None  detected 

Values  reported  are  blank  corrected 


No  positive  identification 
Derived  from  natural  products 
Greater  than 
None  detected 

Values  reported  are  blank  corrected 


additional  compounds  that  may  be  present.  None  of  the  nontarget  compounds 
detected  were  of  sufficient  significance  to  affect  Phase  II  planning. 

3. 1.2. 4  Phase  I  Contamination  Assessment 

Phase  I  samples  from  Site  1-10  had  detectable  levels  of  benzene, 
dicyclopentadiene,  methylene  chloride,  dieldrin,  chromium,  copper,  lead, 
mercury,  and  zinc.  None  of  the  other  target  analytes  were  above  detection 

limits. 

Benzene  was  detected  in  the  single  soil  sample  from  the  water  table  (in 
Boring  2)  at  Site  1-10.  This  may  be  a  reflection  of  the  benzene  found  in  the 
groundwater  underlying  the  site.  Although  there  was  a  benzene  spill  reported 
in  the  south  tank  farm  area,  there  was  no  indication  of  this  compound  m  the 
near-surface  soils.  Detected  DCPD  concentrations  were  clustered  in  the 
vicinity  of  Borings  4,  5,  and  6.  Historical  data  indicate  that  tanks  m  this 
vicinity  (Tanks  463A  and  463F)  were  used  to  store  alcohol;  Tank  463F  was  also 
used  to  store  BCH,  but  not  DCPD.  Tanks  462A,  463C,  and  463G  were  used  to 
store  DCPD  at  some  time  in  their  recorded  usage.  No  correlation  is  apparent 
between  the  distribution  of  DCPD  concentrations  detected  during  Phase  I  and 
the  locations  of  these  tanks.  The  distribution  of  methylene  chloride  was 
limited  to  the  western  portion  of  the  site.  The  two  locations  at  which 
dieldrin  was  detected  (Borings  3  and  4)  were  adjacent  to  each  other  in  the 
western  portion  of  the  site.  Dieldrin  was  detected  in  the  surface  samples 
(0-1  ft  interval)  from  these  borings. 

The  distribution  of  metals  detected  across  the  site  also  showed  no  discernible 
pattern.  Nearly  all  of  the  concentrations  appear  to  be  below  their  respective 
indicator  levels  and  within  a  normal  range  for  western  soils  (ESE,  1986).  The 
single  concentration  of  copper  that  exceeded  the  indicator  range  for  copper 
was  associated  with  claystone  at  the  4-5  ft  interval  of  Boring  13,  and  is 
probably  naturally  occurring.  The  only  detected  concentration  of  mercury  (4  5 
ft  interval  of  Boring  1)  was  above  the  indicator  range  for  mercury.  Four 
samples  had  detected  zinc  concentrations  that  were  somewhat  above  the 
indicator  range  for  this  metal:  9-10  ft  at  Boring  2;  4-5  ft  and  5-5.5  ft  at 
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Boring  5;  and  4-5  ft  at  Boring  13.  In  each  case,  these  zinc  concentrations 
were  associated  with  clay  or  claystone,  and  it  is  likely  that  the 
concentrations  represent  natural  conditions. 

3.1.3  Phase  II  Contamination  Survey 

Based  on  the  results  from  the  Phase  I  boring  program,  modifications  have  been 
made  to  the  proposed  Phase  II  program  to  further  delineate  the  extent  and 
level  of  selected  constituents  detected  in  Phase  I.  A  total  of  five  borings 
are  now  proposed,  as  are  ten  hand-augered  sampling  points. 


The  objectives  of  the  Phase  II  program  are  to  determine: 

o  The  vertical  and  horizontal  extent  of  methylene  chloride  in  the 
vicinity  of  Borings  1,  2,  and  3; 

o  The  horizontal  extent  of  dieldrin  in  the  vicinity  of  Borings  3  and  4; 

o  The  vertical  and  horizontal  extent  of  mercury  in  the  vicinity  of 
Boring  1; 

o  Whether  organo chlorine  pesticides  and  methyl  isobutyl  ketone  are 

present  in  the  northeastern  corner  of  the  site  (these  substances  were 
found  in  the  western  portion  of  the  adjacent  Site  1-8);  and 

o  Whether  the  benzene  concentrations  detected  in  soils  near  or  in  the 
saturated  zone  at  this  site  are  the  result  of  groundwater 
contamination. 

To  satisfy  the  first  four  objectives  listed  above,  a  boring  program  will  be 
undertaken  during  Phase  II,  and  hand-augered  samples  will  also  be  taken.  The 
hand-augered  samples  will  be  taken  from  areas  immediately  adjacent  to  tanks, 
where  access  with  a  drill  rig  is  difficult.  The  ten  hand-augered  samples  will 
be  taken  2  to  3  ft  below  the  surface  inside  the  tank  dike  and  on  the 
downgradient  side  of  each  tank  or  former  tank  location  in  Site  1-10.  The 
purpose  of  taking  these  samples  is  to  identify  constituents  in  the  surface 
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soils  immediately  adjacent  to  the  tanks  to  determine  whether  the  tanks  may 
have  leaked  in  the  past.  The  revised  Phase  II  program  will  be  drilled  and 
sampled  as  shown  in  Figure  3.1-2. 

Based  on  the  Phase  I  boring  results,  a  Phase  II  soil  gas  program  is  also 
proposed  for  Site  1-10  and  surrounding  areas.  The  purpose  of  the  soil  gas 
program  will  be  to  aid  in  determining  the  source  and  extent  of  the  benzene 
contamination.  It  is  possible  that  benzene  concentrations  detected  in  soils 
near  or  in  the  saturated  zone  at  this  site  are  the  result  of  groundwater 
contamination.  The  soil  gas  program  will  cover  an  area  larger  than  Site  1-10 
it  will  also  encompass  portions  of  Sites  1-9,  2-13,  and  2-2  (see  Figure 
3.1—3).  The  areal  extent  of  a  probable  benzene  groundwater  plume  underlying 
the  site  cannot  be  determined  using  the  Phase  I  data,  as  only  one  Phase  I 
boring  was  to  or  below  the  water  table.  Therefore,  a  real-time  soil  gas 
program  is  proposed  to  trace  and  define  the  limits  of  the  benzene  plume.  The 
mobile  Tracer  Research  technique  is  well  suited  to  this  task;  approximately 
one  day  would  be  required  to  define  the  plume. 

The  number  of  borings  and  samples  to  be  taken  at  specific  depths  during 
Phase  II  are  tabulated  below. 

No.  of  Borings  Depth  (ft)  No.  of  Samples 

5  10  17 

10  (hand-auger)  3  10 

The  number  of  samples  planned  for  each  analytical  method  is  as  follows: 

Analytical  Method 
Organochlorine  pesticides  (OCP) 

DCPD  (volatile  method) 

Purgeable  organohalogen  (P0H) 

Mercury  (Hg) 

Methyl  isobutyl  ketone  (MIBK) 

Phase  I  Analytes  (GC/MS) 


No.  of  Samples 
4 

3 
8 

4 
3 

10 
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2-3 

POH 

4-5 

PQH 

9-10 

POH  0_l 

DCPD 

4-5 

DCPD 

* 

1 .  ,  .  0-i.l.QCP-  ,  9'l0i 

DCPD 

OCP,  MIBK 


OCP,  MIBK 


10  MIBK 


0-1 

Lug 

2-3 

POH. Ha 

_ 4;_5_. 

9-10 

PQH., Mg 
POH  ,Hg /i 

/  /  - - 

/  / 

Legend 

©  Proposed  phose  I  borings 
•  Proposed  phose  II  borings 


\  N 
\  \ 

V 


Sampling»_0 

Interval 

(feet) 

OCP  - 


DCPO  —Analyte 


X  Hand-augered  samples 
analyzed  for  Phase  I 
analytes 

MIBK-  Methyl  isobutyl  ketone 


OCP  —  Organochlorine  pesticides 

POH  —  Purgeable  organohalogen 

DCPD  —  Dicyclopentadiene  (volatile  method) 
Hq  —  Mercury 


Prepared  for* 

Program  Manager's  Office  for 
Rocky  Mountain  Arsenal  Cleanup 
Aberdeen  Proving  Ground,  Maryland 


FIGURE  3.1-2 

Proposed  Phase  H  Borings  and 

Sampling  Plan  at  Site  I -10 

Rocky  Mountain  Arsenal,  Task  2 

Prepared  by:  Ebasco  Services  Incorporated 


Based  on  the  results  of  the  Phase  I  drilling  program,  the  following  is  a 
revised  estimate  of  the  extent  of  soil  contamination: 

2 

Estimated  Areal  Extent  =  317,312  ft  , 

Estimated  Vertical  Extent  =  7.5  ft,  and 

3 

Revised  Estimated  Volume  =  88,142  yd  . 


1-10-28 


Site  1-10 
0018G 

Rev.  10/14/86 


4.0  REFERENCES  CITED 


Army  Materiel  Command.  1973.  Army  Materiel  Command  contamination  survey, 
Rocky  Mountain  Arsenal.  Microfilm  RMA031,  Frame  1312-1392. 

D.p.  Associates.  1985.  Section  plots  and  well  summary,  RMA.  RIC  85183R01. 

Ebasco  Services  Incorporated.  1985.  Final  technical  plan,  August  1985, 

revision  1,  task  2  (South  Plants)  contract  no.  DAAK11— 84— D0017 .  Prepared 
for  Program  Manager's  Office  for  Rocky  Mountain  Arsenal  Cleanup. 

Environmental  Science  and  Engineering,  Inc.  (ESE)  1986,  May.  Phase  I  Source 
Reports  Introduction,  task  1,  contract  no.  DAAK11-84-D-0016.  Prepared  for 
Program  Manager's  Office  for  Rocky  Mountain  Arsenal  Cleanup. 

Harland  Bartholomew  &  Associates,  Inc.  (HB&A)  1982.  Property  inventory  and 
conditions  survey  for  the  group  IV  utility  systems  property  and  group  II 
chemical  plant  property  within  the  Shell  Oil  Company  leasehold  area  at 
U.S.  Army  Rocky  Mountain  Arsenal,  volume  III.  Microfilm  RIA013, 

Frame  2000-2031. 

Knaus,  J.H.  1973,  July  27.  Air  contaminant  emission  notice.  Microfilm 
RSH-925 ,  Frame  1765-1768. 

Knaus ,  J.H.  1978,  March  31.  Letter  from  Shell  discussing  the  renovation  of 
the  south  tank  farm.  Microfilm  RSH867 ,  Frame  1676-1693. 

May,  J.H.,  J.K.  Crabtree,  R.W.  Hunt,  and  W.L.  Murphy.  1983.  Hydrogeology  of 
Basin  A/South  Plants  area,  Rocky  Mountain  Arsenal,  Denver,  Colorado, 
phase  I.  USAEWES.  RIC  83299R01;  Microfilm  RVA001,  Frame  1132-1297. 

Resource  Consultants,  Inc.  1982.  Surface  water  hydrologic  analyses,  Rocky 
Mountain  Arsenal.  USATHAMA. 

RMACCPMT  (Rocky  Mountain  Arsenal  Contamination  Control  Program  Management 

Team).  1984.  Decontamination  assessment  of  land  and  facilities  at  Rocky 
Mountain  Arsenal,  draft  final  report  and  executive  summary.  RMA, 

USATHAMA,  and  D'Appolonia.  RIC  84034R01. 

Shell.  1985.  South  plants  structures  used  by  Shell.  (From  Shell's  response 
to  Army  Interrogatory  #3.) 

Spaine,  P.A.,  and  R.  Gregg.  1983,  July.  Surface  water  quality  study  of  the 
South  Plants  area,  data  report.  USAEWES  and  RMA.  RIC  83228R01,  Microfilm 
RAA045,  Frame  0304-0343. 

Stout,  K.,  and  L.  Abbott.  1982.  Installation  Assessment,  Rocky  Mountain 
Arsenal,  volumes  I  and  II.  Bionetics  Corporation,  EPA,  and  USATHAMA. 

RIC  83368R01;  Microfilm  RAA020,  Frame  1451-1498,  1578-1701. 


1-10-29 

Site  1-10 
0018C 

Rev.  10/14/86 


Technos,  Inc.  1985.  Geophysical  investigation  at  the  South  Plants  area  of 
Rocky  Mountain  Arsenal,  Denver,  Colorado.  Technos  Project  Number  84-46. 
Prepared  for  Envirosphere  and  U.S.  Army  Toxic  and  Hazardous  Materiels 
Agency. 

Unauthored.  Undated-a.  Map  entitled,  South  Tank  Farm.  Microfilm  RSH913, 
Frame  0163-0163. 

Unauthored.  Undated-b.  Storm  water  runoff  maps.  Microfilm  RSH872,  Frame 
2005-2015. 

Williams,  O.M.  1960a,  November  14.  Letter  from  Shell  discussing  the 
reassignment  of  Tank  462B.  Microfilm  RSH934,  Frame  0705-0705. 

Williams,  O.M.  1960b,  December  2.  Letter  from  Shell  discussing  the 
installation  of  Tank  462B.  Microfilm  RNA009,  Frame  0703-0704. 


1-10-30 


Site  1-10 
0018C 

Rev.  10/14/86 


Appendix  A 


Phase  I  Analytical  Parameters 


APPENDIX  A 

Phase  I  Analytical  Parameters 


Samples  collected  in  the  Phase  I  boring  program  were  analyzed  for  a 
pre-established  set  of  constituents.  This  Appendix  summarizes  these 
analytes.  Samples  collected  from  the  0-1  ft  interval  were  analyzed  for  the 
analytes  listed  below,  excluding  volatile  organics.  The  samples  from  all 
intervals  deeper  than  0-1  ft  (unless  otherwise  specified)  were  analyzed  for 
all  of  the  analytes  listed  below. 


Analytes 


Synonymous  Names  Used 
in  Appendix  B 


Volatile  Organics 
Chloroform 

1.1- Dichloroethane 
Methylene  Chloride 

1.2- Dichloroethane 

1.1. 1- Trichloroethane 

1.1.2- Trichloroethane 
Carbon  Tetrachloride 
Tetrachloroethylene 
Trichloroethylene 
Trans-l,2-Dichloroethylene 
Benzene 

Toluene 

Ethylbenzene 

Chlorobenzene 

Methyl  isobutyl  ketone  (MIBK) 
Dimethyldisulfide 
Bicycloheptadiene 
Dicyclopentadiene  (DCPD) 
Dibromochloropropane  (DBCP) 
m-Xylene 

o-  and/or  p-Xylene 


Chloroform 

1 . 1- Dichloroethane 
Methylene  Chloride 

1.2- Dichloroethane 

1.1. 1- Trichloroethane 

1.1. 2- Tr i chloroethane 
Carbon  Tetrachloride 
Tetrachloroethene 
Trichloroethene 
Trans-1 , 2-Dichloroethene 
Benzene 

Toluene 

Ethylbenzene 

Chlorobenzene 

Methylisobutyl  Ketone 

Dimethyldisulfide 

Bicycloheptadiene 

Dicyclopentadiene 

Dibromochloropropane 

m-Xylene 

Ortho-  &  Para-Xylene 
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APPENDIX  A 

Phase  I  Analytical  Parameters  (continued) 


Semivolatile  Organics 
Aldrin 
Endrin 
Dieldrin 
Isodrin 
p , p ' -DDT 

p , p • -DDE 

Hexachlorocyclopentadiene 

1,4-Oxathiane 

Dithiane 

Malathion 

Parathion 

Chlordane 

Supona 

Diisopropylmethyl  Phosphonate  (DIMP) 
Dimethylmethyl  Phosphonate  (DMMP) 
Atra2ine 

Dicylopentadiene  (DCPD) 

Vapona 

Chlorophenylmethyl  Sulfide 
Chlorophenylmethyl  Sulfoxide 
Chlorophenylmethyl  Sul f one 
Dibromochloropropane  (DBCP) 


Aldrin 

Endrin 

Dieldrin 

Isodrin 

Dichlorodiphenyltrichloro- 
e thane 

Dichlorodiphenylethane 

Hexachlorocyclopentadiene 

1,4-Oxathiane 

Dithiane 

Malathion 

Parathion 

Chlordane 

2-Chloro-l(2,4-Dichlorophenyl) 
Vinyldiethyl  Phosphates 
Diisopropylmethyl  Phosphonate 
Dimethylmethyl  Phosphate 
Atrazine 

Dicyclopentadiene 

Vapona 

p-Chlorophenylmethyl  Sulfide 
p-Chlorophenylmethyl  Sulfoxide 
p-Chlorophenylmethyl  Sulfone 
Dibromochloropropane 


ICP  Metals  Screen 
Chromium 
Zinc 
Cadmium 
Copper 
Lead 


Chromium 

Zinc 

Cadmium 

Copper 

Lead 


Separate  Analyses 
Arsenic 
Mercury 

Dibromochloropropane  (DBCP) 


Arsenic 

Mercury 

Dibromochloropropane 
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Appendix  B 


Summary  of  Analytical  Results 


of  Analytical  Results  Task  2  »  Site  1-10  South  Tank  Farm 


Note:  Results  for  Di bromoch 1 oropropane  (l»BCP)  may  appear  in  up  to  two  analytical  tract io 
Results  for  DicyciopenLadiene  COCPD)  may  appear  in  tip  to  two  analytical  fractions. 
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Note:  Results  tor  Dibromochl or'opropane  (DBCP)  may  appear  in  up  to  two  analytical  fractions. 
Results  for  Dicyc lopent adiene  CDCPDJ  may  appear  in  up  to  two  analytical  fractions. 
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Note:  Results  for  Dibromoch 1 oropropane  ( D8CP )  may  appear-  in  up  to  two  analytical  fractions. 
Results  for  Dicyclopent  adiene  (DCPD)  rnay  appear-  in  lip  to  two  analytical  fractions. 


Summary  of  Analytical  Results  Task  2  ,  Site  1-10  South  Tank  Farm 


Note:  Results  for  Dibromochloropropane  (OBCR)  may  appear  in  up  to  two  analytical  fractions. 

Results  for'  Die y c  1  operit adi ene  (DCRD)  may  appear  in  up  to  two  analytical  fractions. 


Dichlorodipherty  It  rich  loro-  LT  6.  -Ol 
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Note:  Results  for  t> i biomoch 1 oropropane  ( DHCP )  may  appear  in  up 

Results  for  trie  yc  1  opent  adi  ene  IDCPD )  may  appear  in  up  to 
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Note:  Results  for  Dibromochloroproparie  (DHCP)  may  appear  in  lip  to  two  analytical  fractions. 
Results  tor  D icy c  1  open t ad i ene  (L»CPDJ  may  appear  in  up  to  two  analytical  fractions. 
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Dichlorodipheny  letl  iane 
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Methyl  isobutyl  Ketone 
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Note:  Results  for  Oibromochloropropane  (OBCP)  may  appear  in  up  to  two  analytical  fractio 
Results  for  Dicyclopentadiene  (DCPD)  may  appear  in  up  to  two  analytical  fractions. 
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Results  for  D icyc 1 opent adi ene  (bCPDJ  may  appear  in  up  to  two  analytical  fractions. 
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Note:  Results  for  Dibromouhloropropune  (DBCP)  may  ai.ipear'  in  up  to  two  analytical  fractions. 
Results  for  Dicyclopentadiene  (DCPD)  may  appear  in  up  to  two  analytical  fractions. 
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Note:  Results  for  D i br omoch 1 or opropane  (DBCP)  may  appear'  in  up  to  two  analytical  fractions. 
Results  for  Dicycluperitadierie  l IX. PD)  may  appear  in  up  to  two  analytical  fractions. 
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Note:  Results  for  Dibroniochl oroproparv?  (DBCP)  may  appear  in  up  to  two  analytical  fractions. 
Results  for  Dicy c lupent ad i ene  IUCPD)  may  appear  in  up  to  two  analytical  fractions. 
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Note:  Results  for  Dibromochloropropane  (DBCP)  may  appear  in  up  to  two  analytical  fractions. 
Results  for  Dicyclopentadiene  (DCPD)  may  appear  in  up  to  two  analytical  fractions. 
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Note:  Results  for  D i br omoch 1 or opr opane  (DBCP)  may  appear  in  up  to  two  analytical  fractions. 
Results  for  Dicyc lopent adiene  IDCPDJ  may  appear  in  up  to  two  analytical  fractions. 
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Note:  Results  for  Dibromochloroproparie  (OBCP)  may  appear  in  up  to  two  analytical  fractio 
Results  for  Dicy c loperit ad i erie  (DCPD)  may  appear  in  up  to  two  analytical  fractions. 


Note:  Results  for  D i bromoch 1 oropropane  (D6CP)  may  appear  in  up  to  two  analytical  fractions. 
Results  for  Dicyclopentadiene  IDCPD)  may  appear  in  up  to  two  analytical  fractions. 
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Note:  Results  for  D i bromoch 1 oropr opane  (DBCP)  may  appear  in  up  to  two  analytical  fr actio 
Results  for  Dicyclopentadiene  CDCPD)  may  appear  in  up  to  two  analytical  tractions. 


Note:  Results  for  D ibromoch  1  oropropuH1-'  (OBCP)  may  appear  in  up  to  two  analytical  fractions 
Results  for  Dicyclopentadiene  IDCPD)  may  appear  in  up  to  two  analytical  fi  actions. 
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Appendix  C 


Associated  Blanks 


APPENDIX  C 

Blanks  Associated  with  Phase  I  Analytical  Work 

Control  samples,  or  blanks,  are  introduced  into  the  train  of  environmental 
samples  to  function  as  monitors  on  the  performance  of  the  analytical  method. 
These  samples  function  as  quality  control  (QC)  samples,  and  are  an  integral 
part  of  the  quality  assurance  (QA)  program  for  the  project.  The  method  blanks 
listed  in  this  Appendix  were  utilized  to  verify  that  the  laboratory  was  not  a 
source  of  sample  contamination.  If  contamination  was  detected  in  a  method 
blank,  corrective  actions  were  taken  to  assure  that  reported  concentrations  of 
target  constituents  reflected  sample  constituents,  and  not  constituents 
introduced  by  the  laboratory  process. 
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Units  Number 


Par  rut ni on 


the  Sample  Number 


i  arik  l .  l  ,  j  - T  r  i  ch  1  or oe  t  hane 


characters  iri  the  sample  Number. 


nummary  of  Analytical  Results 


characters  in  tlie  Sample  Number 


thrift?  char  act  ers  in  the  Sample  Humber. 


Note:  Blanks  are  matched  to  analytical  lots  by  the  first  three  characters  in  the  Sample  Number 


